INTRODUCTION
). The case of the Euler equations addressed in the paper is totally different for at least two reasons. First, in no sense is the dynamics of an ideal fluid effectively finite-dimensional, as it is for the Navier-Stokes equations. The second reason, which is related to the first one, is that the spectral problem associated with the Euler equations is always a degenerate non-elliptic problem with a continuous spectrum. This also makes the question of both linear and nonlinear instability very much dependent on the particular norm used.
The crucial idea underlying the approach in this paper is to use two Banach spaces: a "large" space Z where the spectrum of the linearized operator is studied and a "small" space X ~ Z where a local existence theorem for the nonlinear equation can be proved. This idea has its origin in the recent paper of Y. Guo and W. Strauss [GS] who proved a similar theorem for the Vlasov-Poisson system which describes collisionless plasmas. Meshalkin and Sinai [MS] and Yudovich [Y] [T] ] following earlier results in [L] , [G] , [W] , [K] We first define the essential spectrum (following Browder [B] [FV] . In [FV] it is proved that exponential stretching (positivity of the Lyapunov exponent along at least one Lagrangian trajectory) implies that c,v > 0. In the present paper we show that cv = 0 for several classes of flows without exponential stretching. We present here two examples of this situation. Proof -We first point to the following general feature of the system (4.5). We claim that = 0 implies Indeed, differentiating and using (4.5)
We next assert that for n = 2 along any trajectory of (4.5). times the right side of (4.10), we need only check the first three terms of (4.11):
The left and right sides of (4.12) have the same scalar product with uo and k x ~co which proves (4.12). Thus (4.10) follows.
From (4.9) and using 0 for all x E T2, we get for some constant C. Hence from (4.10)
Changing t ~ -t we find also We follow the approach of [MS] for the Navier-Stokes equations who investigated stability of viscous shear flow with a profile like (5.1 ) using the techniques of continued fractions. Their elegant paper was followed by [Yu] and recently by [Li] . To our knowledge no previous proof of instability for the inviscid flow (5.1) appears in the literature. In 1935 Tollmien [To] gave a heuristic demonstration of instability of an inviscid shear flow U(y) = sin y with the boundary condition w2 = 0 in a sufficiently wide channel. This is a classical result widely quoted in engineering literature although no mathematical proof has been given to our knowledge. 
